Perfect taste is the faculty of receiving the greatest possible pleasure from those material sources which are attractive to our moral nature in its purity and perfection . . . . .
tropic effects which he was then studying--among them the rush of a crowd of evenly dispersed minute organisms to the illumined side of the containing dish, when this was placed at the window and they were dosed with ,soda-water". My eyes were then first opened to the penetrating, stimulating power of carbonic acid and I at least gained an inkling why, perhaps, in champagne a n d other effervescent drinks, it so quickly and agreeably pricks the tongue. We passed the afternoon in talking shop. I left: feeling that I had met a man of real worth and complete honesty of purpose. Ever afterwards, I gave special attention to his work. We are too little alive to the value of even brief personal intercourse, as creating bonds of sympathetic understanding and appreciation.
In 1922 he sent his book to me in which he had summarised his work on Proteins and the Theory of Colloidal Behaviour) I last heard from him in September, 1923 , in answer to a4etter in which I had urged the claims of water to greater consideratiorl and to greater respect of its activities. He agreed but added I "I am afraid I shall have to adhere to the ionlsafion theory of aqueous solutions of electrolytes. The work of Rutherford, Bohr and others on the planetary structure of the atom has lent so much support to this theory that, in my opinion, we are now forced to accept it."
Being a biologist, he was perhaps prone to be unduly influenced by mathematical speculation. The hypothesis of a planetary atom leaves the theory of ionisation in aqueous solutions where it was, I fancy--a dogma, unproven, yet . . . . damned custom (has) brass'd it so That it be proof and bulwark against sense.
The closing sentence of his letter was a sad one--"I am afraid I shall not see Europe again. The European continent is a hotbed of misery and hatred and I keep alive by working so hard that I have not time to think about the world. It makes life, however, rather lonely."
The men who strive most to help on the world are probably those who are least concerned with its evil ways: Loeb was of this order.
t Loeb, J., Proteins and the theory of colloidal behavior, McGraw-Hin Book Co., New York, 1922. I am glad to think, that I pleased him by the appreciation I expressed, in my Messel Memorial Lecture, of his instauration of the colloids as chemical entities.
Loeb, though primarily a biologist, was a man of universal mind: he became more and more the chemist as his work progressed and the essentially "chemical", mechanistic character of all vital change was more and more impressed upon his thoughts. His chemistry, though never so deep as a well nor so wide as a church door, served his purpose well and the use he made of it is more than noteworthy. The argument in his earlier work is extraordinarily dear and simple; in his later work, on the colloids, there is less perspicacity, owing, I think, to the extent to which he, in common with so many other biologists, became enmeshed in the seductive toils of so-called physical chemistry.
It is strange that a man who was so ardent a lover of freedom and so good a hater of religious dogma was himself so easily victimised by sciential dogma. The explanation is, probably, that he fell a victim to Ostwald's persuasive superficial teaching.
His latest chemical work on Colloids is a very real contribution and comes next to that of Hardy, being, in fact, an immediate, logical extension of this observer's discovery of the chemical importance of the isoelectric point: the point of neutrality, at which the protein is the thing itself, neither.acid salt nor basic salt, in which forms (of salt) alone it is deflected either to the one or the other pole in an electrolytic circuit. He rightly disbelieved in the existence of a special "colloid chemistry", differing from the chemistry of crystalline material. The term is one that has been bandied about, largely for the purpose of advertisement, by a school that knows not Joseph in the full coat of chemistry but clad in tatters only. It may be hoped, that the appellation will die a natural death, at no distant date--at least, in the sense in which it is now applied not to colloids proper but to all fine particles in suspension. Among zoologists, who come close to biologists, it is customary to give absolute priority to a "true and first invented" name and to confine it rigidly to an individual species. On the physical side, no such piety is displayed and confusion reigns supreme, as a consequence. The term ion, now so constantly flung across the stage of science, is an outstanding example. The physicists are using it in a sense never present to the mlud of its inventor--Faraday. Their ion is an electrically charged, moving particle and a tendency is fast growing up even to confine the term to the electron, when it is a question of negative ions. Faraday appears to have had in mind merely the electrolyticaUy and, therefore, chemically active components into which a salt is resolvable by electrolysis. At a much later date, when the use of the term radicle was popularised, especially in connexion with carbon compounds, the term became of special value as indicating the exchangeable radicles in salts--radicles which are immediately active when the salt is dissolved in water. Arrhenins, with complete disregard of our chemical experience, postulated the freedom and separate existence of such radicles in solutions but, to the present day, no valid proof has been given of his assumption and it is one, moreover, which does not fit the facts. Loeb himself made an interesting contribution to the discussion, when he pointed out that the acids which caused "artificial fertilisation" of fish ova were not the strong, hypothetically highly "dissociated" acids but very weak ones. He recognised, in fact, that the acid molecules entered as wholes into the cell of the organism, not the mythical hydrogen ion, which fig~lres so prominently in the literature of the day and even appears in brewers' advertisements. Why he did not use this rational conception in his discussion of protein materials is not clear. The word colloid is another particularly mishandled term. Coined by Graham to indicate a class of substances which are what the name implies, glue-like, in general behaviour, it has been extended to very finely divided, suspended matters generally, whether or no these show the properties characteristic of glue. The practice is an ensample of the loose thinking and narrowness which has too long been permitted to pass muster in chemistry.
Loeb, in the main, dealt with true colloids but held no very definite views upon their general character. As a matter of fact, he had little occasion to think this out: had he done so, however, he would have seen through the pretentions of the school which has thought of them as mere material specks. A clear recognition and definition of true colloidal properties in chemical terms must come and is essential to progress in vital chemistry. These, after all, cannot be absolute but must merge insensibly into those of crystalline matter. The two states are but regions in one large field, the differences being more and more accentuated as the ripples of variation spread across the field.
Much, if not everything, turns upon our conception of solubility. To challenge and start discussion, by giving a mental picture, let me say that a balloon is insoluble but an airship soluble in our atmosphere. The balloon is buffeted about by the gaseous (fluent) molecules--"the incorporal air." So also in the airship, yet through its propellors, it has grip upon the molecules--at least kicks them aside, though the ship have but little attraction for the air. The airship, like the balloon, for the most part, only makes a big hole in the air: "solubility" is confined to the propellor region. In molecules, the propellor region is that in which the residual affinity resides, the centre at which the molecules of solute and solvent are reciprocally active. The work done especially by the late Lord Rayleigh, by Hardy, by Langmuir and by Adam, on the spread of oil films, together with that on soapfilms and x-ray analysis of the diamond and of paraffinic compounds, all tends to support this conclusion. Paraffm and the paraffin hydrocarbons appear to be strictly insoluble in water: their molecules lie like logs, anyhow, upon its surface: in their solids, the molecules are regularly ranged, side by side, interlocked, in the direction of their lengths, like scaffold poles. The acids derived from the paraffins are more or less soluble. The higher terms, which are but slightly soluble, form films upon the water in which the molecules are also arranged like scaffold poles but stand upright, with their carboxylic tips just dipping into and resting upon the water--this tip is to be pictured as acting as the propellor does in the airship and as the sole cause of solubility. Probably, if we could see it, we should witness some kind of turbulent motion where acid and water meet. In the soaps, by the introduction o f metal, the terminal carboxylic radicle acquires a greater reciprocal affinity for water and a certain small proportion of molecules get dragged under and dissolved--but the hydrocarbon radicle in the acid is to be pictured as inert and as merely making a hole in the fluid, as the balloon does in air. Molecules, like men, have souls but in the form of residual affinity: this, too, like the human soul, is not a constant but a dependent variable. The physical chemist takes no notice of the loves of the molecules: he is not even upon platonic terms with them: like the mathematician, he but seeks to locate them upon a curve dressed up in more or less fictitious values and only treats them statistically.
In the opening sentence of the Preface to his Proteins and the Theory of Colloidal Behaviour (1922), Loeb writes "Colloid chemistry has been developed on the assumption that the ultimate unit in colloidal solutions is not the isolated molecule or ion but an aggregate of molecules or ions, the so-called micella of Naegeli. Since it seemed improbable that such aggregates could combine in stoichiometrical proportions with acids, alkalies or salts, the conclusion was drawn that electrolytes were adsorbed on the surface of colloidal particles according to a purely empirical formula, Freundlich's adsorption formula."
The micella probably is a creature with no corporate existence, a mere chance collection of molecules formed by that simple process, well known among yachtsmen, of taking the wind out of the sails of a neighbouring craft. The attempt that has been made to interpret the properties of soap solutions upon such a basis is, to say the least, unconvincing: all recent-work upon the manner in which molecules tend to set together seems to be against the micellar interpretation.
Unfortunately, Loeb's work on Colloids is set out in a manner which detracts, in no small degree, from its interest and value. There is too much repetition and particularly too frequent a reference to w h a t --being brought up on Dickens and an admirer of Mr. Mantalini--I may call the "dem'd Donnan equilibrium." As stated by Donnan, this is a simple affair and an obvious truism.
It is but common sense to assume that a protein salt, in solution, will have a certain osmotic effect, however produced. If placed in a cell in which it is separated by a membrane from water, nothing will happen so long as the salt does not undergo hydrolytic decomposition. If a "salt" such as hydrogen or sodium chloride be dissolved in the water, salt molecules will diffuse through the membrane until the solutions on either side of the membrane are in physical equilibrium, in all particulars. There is no more reason, no real reason, to suppose that the salt enters as separate ions than there is in the case of the fertilisation process. The salt diffusing into the protein compartment will necessarily be less in amount than the amount on the side on which it is present alone. The difference will be the measure of the osmotic influence exerted by the protein salt as a whole. This, in plain words, is the condition labelled the Donnan equilibrium by Loeb, who, however, has adopted a procterised version of Donnan's thesis--the assumption made by Procter and Wilson in 1916, t h a t -. . . . the protein ions constituting a jelly of gelatin chloride cannot diffuse and hence can exercise no measurable osmotic pressure (my italics), while the chlorine anions in combination with them are retained by the jelly by the electrostatic attraction of the gelatin ion but exert osmotic pressure. This difference in the diffusibility of the two opposite ions of the gelatin chloride gives rise to the condition leading to the establishment of Donnan's membrane equilibrium. It is immaterial for this equilibrium whether the diffusion of dissolved protein ions is prevented by a colloid membrane or whether it is prevented by the forces of cohesion between the gelatin ions of a solid gel. If x be the concentration of the H and C1 ions in the outside solution, y the concentration of the free H and C1 ions in the solid gel and z the concentration of C1 ions in combination with gelatin, the Donnan equilibrium is expressed by the equation This is the formula applied by Loeb in discussing his osmotic measurements. How he can have been so hard hearted as to figure poor z thus lonely, without an attendant gelatin ion, is difficult to understand. If the gelatin chloride act as a whole, osmotically, the gelatin 'ion, must take its share of the blame: if it act "arrhenically," the ions, though of opposite sign, must be of equal osmotic value. The gelatin ion--like the mills of G o d --m a y move slowly but it is heavy and, though slow, as sure as the light-heeled chlorine ion.
The confusion is arisen owing to the neglect of the solvent. Equilibrium within the solvent is the determining condition in osmotic phenomena. Solvent and solute are in reciprocal control of each other. The problem is not one of mere mass and mobility, as it is in gases: a condition, the stale of the solvent, is introduced, which is not present in gases. The problems of solution are chemical, whilst those of gases are purely physical: the love-state entering into the former but not into the latter.
Putting Donnan, pure or procterised, aside, Loeb's main thesis is, that, in comparing colloidal materials, chemists hitherto have overlooked the fact, that the available materials are not in a comparable condition and that this condition is the isoelectric point--the point of neutrality. To the chemist knowing Emil Fischer's work, this conclusion is simply a matter of course--the fact that it was necessary to force it upon the attention of biological workers is sufficient commentary upon the looseness of thought that has prevailed in the school, owing to the treatment colloids have received at the hands of the physical chemist: clearly, a thing--never a king--of chemical shreds and patches.
Loeb is always at his best when dealing with fact--the two pages of illustrated proof (facing pages 28, 29 of his book J,*), that cations alone are fixed by gelatin on the one and anions on the other side of the isoelectric point of the protein, combined with the observation that metallic salts are without action, are worth all his other experimental determinations put together--though these are all of value in their way. Apart from his wonderful proof that fertilisation may be artificially induced, these two pages are, I think, his most important contribution to biology--they so perfectly portray not only protein but colloid behaviour generally.
There are numerous other graphs in the book which convey an equally convincing story.
A wide range of phenomena may be interpreted in the temper of the tubes Loeb has thus happily pictured and of these graphs. Differential staining, fermentation phenomena, even the problems of immunity, may all be considered in the light the observations shed upon the "centralised" character of the effects produced. Thus, dyestuffs only stain gelatin above or below certain real acidities and it is clear that the dyestuff becomes primarily located at the salt-forming centre. This is true even of cellulosic fabrics. I have obtained definite evidence that the variation in the depth of shade produced by a given dyestuff is to be correlated with definite variations in the acidities of the cellulosic materials. Not only the flocculation of finely divided particles such as those of clay but also the aggregation or clumping (agglutination) of microorganisms is well known to be affected by these or those conditions of real acidity. Loeb's special task was the establishment of the molecule as the active colloid unit: actually, his observations go further and serve, if not to establish, at least to render probable, a more far reaching generaUsation, viz. that activity is exercised at and from centres in the molecules.
It is conceivable that an explanation is possible, from this same point of view, of his remarkable observation that sea urchin's eggs can be fertilised by the sperm of the starfish, if the alkalinity of the sea water in which they are placed be slightly raised. At present, it is difficult to say whether the membrane of the egg or the sperm be primarily affected.
The statements on colloids invite reflexion at many points, especially those which he makes in the chapter on Swelling--where, it is to be feared, he is a little "previous" in his conclusions. The differences to which he calls attention between colloid salts are very striking. The acid salts of gelatin, which are all soluble, all swell in water. At the same real-acidity, the chioride,.nitrate, trichioracetate, oxalate, phosphate, tartrate, citrate and others swell approximately to the same extent--as if the acids were all unibasic, in the main. Only sulphuric acid behaves very differently, gelatin sulphate swelling much less. In his book on Proteins, this is well shown in the set of graphs on page 68.~ Sodium and calcium gelatinate differ similarly (page 81'), in their behaviour when swollen.
The fact that the majority of acids thus appear to behave unibasically towards a protein is itself a matter of no slight interest and importance. The relatively low osmotic value of the sulphate and of calcium gelatinate is clearly a consequence of the assemblage of several molecules of the protein in the single molecule of the salt. Incidentally, it may be urged that the special behaviour of the sulphate is distinct evidence that the gelatin ion is concerned in the production of the osmotic effect--as Donnan originally indicated.
The casein-acid salts are less soluble than the gelatin-acid salts and are peculiar in not a few respects. Thus, casein trichloracetate is practically as insoluble as casein sulphate and neither salt swells, although both chloride and phosphate become swollen in water.
s Cf. Fig. 5 of article by Loeb in J. Gent. Physiol., 1920-21, iii, 683 , which is the original reproduction of Fig. 14 in the book. 1 Cf. Fig. 3 of article by Loeb in J. Gen. Physiol., 1920-21, iii, 256 , which is the original reproduction of Fig. 21 in the bookJ Loeb's unsettled state of mind is dearly revealed in the following remarks he makes with reference to these peculiar differences:-The valency rule (that salts containing acid ions of the same valency behave alike) holds wherever colloidal behaviour is concerned, since colloidal behaviour is only the consequence of the Donnan equilibrium and the equilibrium equation is only concerned with the sign and valency of the ion. The problems of solubility and of cohesion have only an 'indirect connection with colloidal behavior and the fact that solubility and cohesion depend upon the specific nature of the ion (in addition to its sign of charge and valency) is not in conflict with the other fact, that in the truly colloidal phenomena only the sign of charge and valency of an ion are concerned.
At the isoelectric point, gelatin is practically not ionized and there can therefore be no Donnan equilibrium. Yet when dry grains of isoelectric gelatin are put into water of pH 4.7, a considerable swelling occurs. The swelling must be determined by forces different from those set up by the Donnan equilibrium. In the first place, there are those forces of chemical attraction between the molecules of water-and certain of the groups of the gelatin molecule which cause the solution of gelatin in water when the forces of cohesion between the gelatin molecules forming the gel can be overcome. The absorption of water by dry grains of isoelectric gelatin at pH 4.7 is, therefore, primarily but in all probability not exclusively due to the residual valency forces and the swelling of solid isoelectric gelatin granules is primarily a phenomenon of solid solution.
Indeed a climax! "of solid solution !" There could be no more absolute contradiction in terms! W h a t help is to be gained from the expression? We must be rid of such inappropriate misleading nomenclature, if we are ever to think dearly. The essential state of a solution is that of uniform distribution: it is one, too, in which there is great freedom of motion. There can be no such freedom in a solid and if a mixture solidify, the constituents are bound to become variously and unequally distributed, owing to the unequal operation of the "forces of crystallisation." It is difficult to see what Loeb meant in thus ending his survey. The cloven hoof of fashion is dearly behind the utterance. Apparently, he was so obsessed by his conception of the Donnan equilibrium, that he could not think apart from it, down to the conditions which m a y be supposed to determine the behaviour of simple colloids towards water. We need, I believe, to suffer from "water on the brain" to interpret such phenomena.
Returning to what has been said above as to centres of influence determining the solubility of molecules, using the airship analogy, if we consider organic compounds, there is an insoluble body, often very large, which is associated with a radicle more or less avid of water. Benzene, Cell6, spreads out as a layer upon water, being practically insoluble. Phenol, C~H~.OH, is but moderately soluble. The sulphonic acid, C6I-I6. S03H, formed by the interaction of benzene and sulphuric acid, is intensely soluble. Direct cotton dyestuffs are formed from benzidine, NH2-Cell4" C~-I~. NH2, an almost insoluble material, by coupling it through the agency of the NH~ groups with aminosulphonic acids. Congo red, one of the substances used by Donnan in his equilibrium experiments, is made from diazotised benzidine and naphthylaminesulphonic (naphthionic) acid. As the formula shows, it is very like an airship with two small (SO3H) propellors Acid (blue) so~ so~
It is generally held that, in the acid, the molecule is more or less neutraUsed, as in amino-adds generally. Although a disulphonate, the osmotic effect of Congo red is that of a monosulphonate. Whether neutraUsation be effected within the single molecule or between molecules, we cannot say. The basic centre is probably the NH~ radicle and maybe the dyestsuff becomes attached to cotton--whichit dyes red --at this centre. It is, however, possible, as it is used together with an alurninate, that it is fixed through alumina.
The effect of an increase in the propellor element is altogether different. Methylic and ethylic alcohols, CH3.OH, CJ-Is.OH, are miscible with water in all proportions. Nevertheless, the methane and ethane residues are to be thought of as but dragged under water by the OH radicle. Propylic alcohol already has a limited solubility and alcohols a little way up the series, amylic and hexylic, for example, are very slightly soluble. On converting the alcohol, CHv CH2.CHv OH, into trihydric glycerol, CH,(OH). CH(OH). CH~(0H), we again obtain an infinitely soluble substance. The influence of oxygen, however, is a strangely varied one. Hydroxyhexane, hexylic alcohol, is very sparingly soluble. Hexhydroxyhexane, in the form of the sugar alcohols, sorbitol and mannitol, is a readily but not highly soluble substance: their geometric isomeride dulcitol is but sparingly soluble. The glucoses are all easily soluble, yet galactose is much less soluble than either mannose or glucose or fructose. Cane sugar is much more soluble than milk sugar. These differences, we must suppose, are determined merely by differences in the geometric distribufiou of the oxygen atoms about the carbonaceous spine of the molecule. The propellors are differently located upon the body of the ship--apparently, they pull together, more or less, according to their position. Mere size, however, has a good deal to do with solubility. Starch, which is a collocation of glucose molecules, is a true colloid and only slightly soluble. It is clearly a great lumbering molecule, against which the light molecules of hydrone and the other molecules in water are more or less powerless--they haven't kick enough in them to deal with it successfully and cannot do much more than play the part of pall bearers at a funeral.
The proteins are comparable with starch but more complex and far less regularly built, as they are formed from a multiplicity of aminoacids. Gelatin, which comes nearest to starch in simplicity of behaviour, is noteworthy on account of the great preponderance of aminoacetic acid, (CH,(NH~).CO.OH), radicles in its structure. We have not the slightest conception of the geometrical contexture of the molecule, so that all discussion of the manner in which the molecules may conjoin to form jellies is, at present, entirely out of the question.
Our ignorance in these matters is surprising. We have not yet determined the geometric, molecular configuration even of so simple a substance as glucose.
Loeb nobly led the way to a clearer appreciation of the manner in which proteins function and his experimental contributions are not only full of interest but most suggestive. His speculative attempts to explain colloid behaviour, in the final chapter in his book and especiaUy in the later French edition, however, must be regarded, in our present state of ignorance, not only of colloids but also of the process of dissolution, as largely, if not entirely, premature, the more as they are in terms of what Seems to be a misinterpreted equilibrium relationship, as well as of metaphysical, mythical ions and hypermythical electrical double-layers. One of the greatest mistakes that has been made hitherto by biologists is in disregarding the changes in water concomitant with those the protein undergoes. The physical chemist has been guilty of an inexcusable neglect in this connexion.
Loeb indeed loved the protein and clasped it hard, yet not hard enough to realise how hollow was the shell that speculation had built around it. He was but another victim to the force of words and the speculative foibles of one so earnest and honest may well be a warning to us. Bacon, long ago, deprecated the worship of the idols of the market place. A more modem critic, Chevreul, one of the most venerable figures in the history of physical science, has warned us in terms which are of special significance today :--L'erreur prise pour v6ritfi a encore le grave inconvSnient de mettre obstacle an progr~ de L~ science, parce que si une d~couverte v~ritable annonc~e est contraire ~ cette erreur, fl arrivera que les partisans de cene-ci repousseront la d~couverte, c'est-/IMire la v6rit6 plus ou moins long, temps.
TeUe est la raison sur laquelle je m'appuie pour rfduire l'enseignement a~mentaire el l'enseignement dit professionnel dce qui est otai et susceptible d'etre facilemenl d~montr~ tel. Car beauconp de gens qui se disent partisans du progr~s, ne voient pas que des erreurs promulgu~es par ces enseignements comme des v6rit6s, sont autant de semences qui, en se d~veloppant darts de jeunes intelligences ou des intelligences d'adultes que nulle 6tude n'a prepares ~ les juger, deviennent des opinions erron~es qui seront un jour les plus grands obstacles O, la propagation de la v6rit~, c'est-A-dire dce m~ne progr~s que l'on reutfavoriser.
L'importance que j'attache ~ la destruction de l'erreur expUque raon ardeur ~. propager la m6thode.
In quoting these words at the Chevreul Centenary, I remarked:
We may well take such admonition to heart, in these days of unchecked hypothesis. If 'Tenseignement dit professionnel" were reduced "~ ce qui est vrai et susceptible d'6tre facilement d6montr6 tel," how much higher would be the task of the teacher and how much more competent the pupil as student and worker.
Reverting now to Loeb's early and greatest work, upon which his reputation will rest for all time--that on fertilisation of the ovum, it is clear that the full meaning and ambit of his observations has yet to be realised. The work appeals to me particularly because, in conjunction with my son, Dr. E. F. Armstrong, I have carried out not only much work with enzymes but also many experiments with leaf tissues, using excitants such as Loeb used. The general effect seems to be the same, whatever the "tissue" used. The first act in fertilisation seems to be, that, on entry of the exciting substance, an extremely thin outer membrane separates and swells out from the inner cortical layer, forming the so-called fertilisation membrane. This means that the Excitant sets up changes which increase the osmotic effect within the region at the cell surface: these changes probably are enzymic and hydrolytic and involve an increase in the number of molecules in solution. In leaf tissues, it can be shown that glucose increases at the expense of cane sugar and other glucosides present in the cells. The fertilisation membrane seems to be a "water-lock," as it were, at the expense of which the cell contents generally may be diluted when the inner cortical layer is also penetrated by the excitant. A point of supreme interest and importance is the proof given by Loeb, that the lower acids of the acetic series only penetrate the outer layer of the cell, not the inner: the higher acids, which are very sparingly soluble in water, also neutral excitants such as benzene and many other organic liquids, alone are able to penetrate the cortical layer. No other tissue is known to exercise this fine discrimination, though it is well known that the rate of penetration is more or less in inverse proportion to solubility. The superior activity of "oily" excitants has been supposed to be an indication that the membranes they penetrate are lipoid in character. There is no reason to suppose, however, that this holds generally, as many differentially permeable membranes are known which are certainly not "lipoid" in any sense. The essential property of the excitant, which secures it right of entry, seems always to be a low degree of solubility in water. In some way, the phenomena are to be correlated with the properties of water. When the cortical layer is once pierced, the dilute solution doubtless can pass in from the fertilisation membrane, diluting the cell contents and inducing hydrolyses, which in turn are followed by constructive changes, at nuclear points, effected with the aid of the building materials largely formed by hydrolysis of the resting complexes present in the unfertilised, ripened ovum.
Another remarkable series of observations made by Loeb is that on the effect of the three salts, sodium, potassium and calcium chloride, NaC1, KC1, CaC12, in the molecular proportion in which they occur in the cell fluids, using sea urchin eggs: these have an important bearing upon the problem of the nature of the lining membranes. The opinion he formed was t h a t --
• . . the part played by salts in the preservation of life consists in the tanning effect which they have upon surface films of the cells, whereby these cells acquire the physical qualities of durability and comparative impenetrability without which the cell cannot exist . . . . the combination of the three salts, in their definite proportion and concentration, has the function of forming a surface fi|m of a definite structure or texture around the protoplasm of each cell, by which the protoplasm is kept together, protected against and separated from the surrounding media.
We may possibly, in part, interpret his findings and the peculiar balanced relationship of salts in vital processes from the point of view of the modern water-softening filter, consisting of a mixture of sodium aluminate and silicate. When water containing a calcium salt is run through this, calcium is rapidly deposited, being exchanged for sodium: when the exchange is at an end, it is only necessary to flood the mass with a solution of salt, for a time, to displace the calcium by sodium and restore the filter to its softening activity. In like manner, we may suppose, the sodium salt of a protein will reversibly exchange sodium for potassium or calcium when bathed in solutions of these salts. These changes are likely to be attended with changes in sol-u bility and permeability and passages between molecules might be narrowed or widened as a consequence.
Attention has recently been called by Gorter and Grendall to the possible influence upon muscular contraction, owing to change in dimensions, of a change from lecithin to a reduced lecithin and also to the variation in the spread of proteins caused by variations in acidity (see Nalure, April 17, 1926) . Such changes are all of the order contemplated by Loeb in his reference to the "tanning" action of salts.
To conclude, the characteristic of the whole of his work is the simplicity of his experimentation. In this respect, he is a model that future inquirers may well follow. In every direction, the field is being cleared in ways in which he would have anticipated. In principle, indeed, the character of vital change is now laid bare before us. We realise, that, apart from the action of salts, essentially only two types of change are current--the one hydrolytic or its reverse, the other oxidative or its reverse. We are already able broadly to explain assimilation, the phenomena of fermentative change and muscular action on these lines. Hydrolytic change, for the most part, if not entirely, is directed by enzymes, which are all selective agents. Oxidative and reductive change seems also to take place under the influence of catalysts--agents acting, as do enzymes, at solid surfaces but not selective agents, in the sense that enzymes are. Gradually, we are becoming alive to the existence of a large number of controlling agents, secretions of the endocrine glands, which act more or less locally. The function of at least some of these--adrenaline and thyroxine, for example--may well be that of controlling oxidation. It is clear, that if this process were not subject to rigid control, we should "burn up," as in fever; control is probably exercised through the operation of antagonisms such as Moureu and Dufraisse have recently so strikingly demonstrated. Two substances, separately oxidised with the greatest ease, may remain unoxidised when the two are together brought under the influence of oxygen. The prevention of oxidation by hydrogen cyanide--which is probably the reason of the intensely poisonous action of this compound--is a case in point. Adrenaline is known to act especially upon the "sympathetic system" and is procurable only from "sympathetic" material: its selective action is probably due to the fact that it is an optically active substance, "sympathetic," therefore, because it may be attracted and attached to a particular region of the centre at which it acts. A like explanation will apply to thyroxine and maybe also to the natural alkaloids--which are more or less akin to ourselves, being derived from living materials. In the plant, xanthophyll, the constant associate of chlorophyll, may well serve to protect the chlorophyll system against the oxygen which it is the office of the system to evolve. Lastly, there is every reason to suppose, that chemical change can take place only between electrolytes and in electrolytic circuits. Sugars, which are therefore inert, are possibly made open to attack, in most cases, through the intervention of phosphates. It is clear that bodily change is ever subject to the force of example, as are we in our daily social actions--the primary, probably an en-zymic example, is set in the nucleus. Creatures of habit we are and ever must be--our great achievement is that we are able to exert some degree of freedom and to think and act individually. Genius, perhaps, is the faculty of acting against natural tendencies. Our fallibility is easier to understand and condone, if we take this view.
I am old enough to look back to the revelation of the nature of communicable disease by Pasteur and Lister--to the close of the controversy over spontaneous generation--to the introduction and development of bacteriology as a separate discipline. During my early career, I taught in a medical school. Pasteur had no wide knowledge of chemistry--had he remained a chemist, he would undoubtedly have risen to his opportunities. Instead, he was carried away by such small things as the microorganism and the silkworm. He became a biologist but in so doing carried over the precise method of chemistry into biology. His distinguishing characteristic was an intense logic--in everything he did, he was logical. He began as a geometrician: he saw things not in the fiat or on paper but in the solid: he, therefore, had proportionate judgment. The scientific worker today too often has but a fiat mind. Great use has been made of Pasteur's findings: our modern sanitary system [including that of preventive medicine], is built entirely upon the foundations he laid. On the biological side, there has been no new step taken equivalent to that originally taken by Pasteur himself. The reason is plain. No sufficient use is being made of chemistry. Those who approach from the medical side, as a rule, have no chemical experience worth calling experience. The chemist, on the average, tends to mathematics and physics rather than to physiology. In the course of my career, I have met very few chemists with any real biologic afflatus. The biological mind seems to be amathematical, as a rule: when it takes on mathematics, it suffers and is carried away by formulae. A reform of our system of preliminary medical training is urgently required--it has long been evident that medicine is but applied chemistry, yet this is in no way recognised, notwithstanding the example set by men like Gowland Hopkins and Loeb. It is only necessary to take a work, such as that on Infection and Resistance by Professor Hans Zinsser, to realise in what hopeless state of muddle and confusion the subject now is. The work that is being done in this field is, for the most part, wasted effort, because there is no clear thinking behind it--no logic--no proper sense of method--no defined attack.
The future rests with chemistry and the crystalline: the interpretation of the colloid state being only possible through an understanding of the crystalline. This Loeb saw.
Whatever he may have said, however much, at times, he may have overpainted his picture--his work remains and will endure, as a monument to his genius. Those who decipher its deeper meaning will of necessity think back to him as a layer of foundations and their lodestar.
In saying these things, we have sought but to do our duty as directed by Ecclesiasticus--Let us now praise famous men.
Giving counsel by their understanding Wise and eloquent in their instructions.
